Objective: The use of the frozen elephant trunk (FET) technique for repair of type A aortic dissection (TAAD) in Marfan syndrome (MFS) is controversial. We seek to evaluate the efficacy of FET and total arch replacement (TAR) for TAAD in patients with MFS.
Marfan syndrome (MFS) is an autosomal dominant connective tissue disorder attributed to abnormal fibrillin-1 caused by mutations in the fibrillin-1 gene (FBN1) and dysregulation of transforming growth factor-b activation and signaling. 1 MFS affects approximately 1 in 3000 to 5000 individuals, and patients with MFS are highly predisposed to thoracic aortic aneurysm and/or dissection. 2 The 2010 American Heart Association guidelines recommend prophylactic ascending aortic repair at a threshold of 5.0 cm to prevent catastrophic aortic events. 3 Aortic dissection may result from a known thoracic aortic aneurysm or represent the initial presentation, and remains the most lethal complication of MFS. 4 Even though one-third of patients with MFS will present with an aortic dissection, 5 little data exist on the long-term outcomes and implications of surgical aortic dissection repair. [4] [5] [6] [7] [8] [9] [10] [11] Although excellent long-term outcomes have been achieved with aortic root operations, 12, 13 whether total arch replacement (TAR) is advisable at the time of root surgery remains controversial. 5, 14, 15 Reports of reinterventions in MFS patients specify that distal aortic reoperations are more common among patients with type A aortic dissection (TAAD), 16, 17 and that TAR with an elephant trunk technique should be considered in such a setting. 14, 16 More recently, the morbidity associated with descending thoracic and thoracoabdominal aortic aneurysm disease as a late sequela of TAAD is driving the application of the ''stent graft'' technique, 18 despite the consensus opinion that endovascular stent grafts should not be used in patients with connective tissue disorders. 19 Since April 2003, 7, 8 our team has performed frozen elephant trunk (FET) and TAR using a 4-branched graft (ie, the Sun procedure 20 ) in 106 consecutive patients with MFS. To date, there has been limited longterm follow-up data of patients with MFS undergoing FET þ TAR for TAAD. Because the debate on the use of FET þ TAR in MFS remains unsettled, we reviewed our early and long-term outcomes in these patients over a 12-year period. This study aimed to evaluate the efficacy of the FET þ TAR technique in the management of TAAD in MFS, and to address the question whether an extensive approach at the initial operation is associated with improved long-term outcomes.
METHODS
The Ethics Committees of Fu Wai Hospital and Cardiovascular Institute and Beijing Anzhen Hospital, Capital Medical University approved this retrospective study.
Patients
Between April 2003 and August 2013, our team operated on 421 patients with MFS and thoracic aortic disease. In all patients, the diagnosis of Marfan syndrome was confirmed preoperatively according to the Ghent criteria 21 and/or revised Ghent criteria 22 based on physical examination findings. Among the 421 patients, 106 patients underwent FET þ TAR for TAAD involving the arch and/or descending aorta ( Figure 1 ). The mean patient age was 34.5 AE 9.7 years (range, 17-65 years), and 80 were male (75.5%). Based on the interval from symptom onset to surgery, TAAD was acute ( 14 days) in 40 patients (37.7%) and chronic (>14 days) in 66 patients (62.3%). In patients with chronic type A aortic dissection, the mean intervals were 279.5 days (median, 62.6 days; interquartile range, 30.5-318.3 days) from symptom onset to surgery and 10.9 AE 9.1 days (median, 7.9 days) from diagnosis to surgery. Aortic regurgitation was present in 68 patients (64.2%), hypertension in 35 (33.0%), and malperfusion syndrome in 4 (3.8%). The maximal ascending aortic diameter averaged 60.5 AE 13.2 mm and did not differ significantly between the acute and chronic groups (P ¼ .067) ( Table 1) .
Of note, 23 patients (21.7%) had a previous history of aortic/cardiac surgical or endovascular procedure (PHACP), including composite aortic root replacement (Bentall) in 16 patients (15.1%), ascending aortic replacement in 2 (1.9%), thoracic endovascular aortic repair (TEVAR) in 2 (1.9%), aortic root wrapping in 1 (0.9%), hemiarch repair in 1 (0.9%), mitral valve surgery in 2 (1.9%), and coronary artery bypass grafting for dissected coronary artery in 1 (0.9%). One patient with a previous Bentall procedure underwent reoperation for a residual dissection. The interval between the previous cardiovascular surgery and the index operation was 5.7 AE 4.4 years (range, 0.3-19.1 years).
Indications for Surgery
At our institution, TAAD in MFS is considered an indication for FET þ TAR, as described previously. 20 Specifically, in patients with MFS, we would perform FET þ TAR for TAADs involving the ascending aorta, arch, and descending aorta (ie, DeBakey type I dissection) and TAADs confined to the ascending aorta (ie, DeBakey type II dissection), but with an enlarged proximal descending aorta !40 mm in diameter.
For MFS patients with TAAD that is confined to the ascending aorta, an ascending aortic replacement would be performed if the arch and descending aorta are intact; or an ascending aortic and hemiarch replacement performed if the proximal arch is involved. For critically ill MFS patients who have the surgical indications for FET þ TAR but are hemodynamically unstable or with morbid types of malperfusion, we would prefer performing a limited repair (composite graft root or ascending aortic replacement), due to the guarded prognosis of this subgroup of patients. 
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Surgical Techniques
The surgical technique has been previously described in detail. 23, 24 In brief, right axillary artery cannulation is used for cardiopulmonary bypass (CPB) and unilateral selective antegrade cerebral perfusion under moderate hypothermic circulatory arrest at 25 C. The procedure involves deployment of an FET (Cronus; MicroPort Medical, Shanghai, China) in the descending aorta, followed by total arch replacement with a 4-branched vascular graft (Maquet Cardiovascular, Wayne, NJ). To minimize the times of cerebral, myocardial, and spinal cord ischemia, distal reperfusion is initiated once the distal anastomosis is completed, and the left carotid artery is reconstructed first (after which rewarming is started and the brain is perfused bilaterally), followed by the ascending aorta (to resume myocardial perfusion), then the left subclavian artery, and finally the innominate artery. Aortic valve or root procedures and concomitant operations are performed during the cooling phase. Near-infrared spectroscopy and bispectral index are routinely used for neuromonitoring.
Patient Follow-up
All operative survivors were followed up regularly through clinic visits, phone calls, emails or letters. Patients were recommended to have computed tomography (CT) scan annually to detect endoleak, thrombosis and obliteration of the false lumen, residual intimal tear or distal new entry, aneurysmal dilatation in the distal aortic segments, and other complications.
By April 2016, clinical follow-up was complete in 96 of 99 operative survivors (97.0%) averaging 6.3 AE 2.8 years (median, 6.4 years; range 0.3-12.0 years); a follow-up CT report or scan was available in 93 patients (93.9%). The mean duration of radiologic follow-up was 3.5 AE 2.5 years (range, 0.3-10.2 years).
Statistical Analysis
The data were analyzed using the SPSS for Windows version 16.0 (SPSS Inc, Chicago, Ill). Data are expressed as mean AE standard deviation or number (percentage) and were compared using the Student t test or Pearson c 2 test for normally distributed data, and the Mann-Whitney U test for nonnormally distributed data. Risk factors for early and late mortality, morbidity, and reinterventions were identified with univariate and multivariate analysis. Survival and freedom from reoperation were estimated using the KaplanMeier method, and intergroup comparisons were made with the log-rank test. Competing-risks analysis was performed using Stata 14.2 for Mac (StataCorp, College Station, TX). All statistical tests were 2-sided, and a P value of < .05 was considered statistically significant.
The primary outcomes were long-term survival and freedom from reoperation. Operative mortality was defined as any death regardless of cause occurring within 30 days of surgery or before final discharge from the primary hospitalization (including acute care at other facilities). Variables considered in the analyses included age (years), sex, hypertension, chronic kidney disease, days from onset to diagnosis, days from diagnosis to surgery, days from onset to surgery, acuity (binary), lower limb ischemia, coronary artery bypass grafting, mitral valve surgery, extraanatomic bypass, concomitant Bentall procedure, entry tear location, maximal ascending aortic diameter, early morbidities, and CPB, crossclamping, and selective cerebral perfusion times.
RESULTS
Operative Data
The entry tear was located in the ascending aorta in 55 patients (51.9%), the arch in 12 (11.3%), the descending aorta in 9 (8.5%), multiple locations in 25 (23.6%) , and unidentified in 5 (4.7%). Among 16 patients who had undergone a previous Bentall procedure, the entry was located in the ascending aorta in 9, in the arch in 5, and unidentified in 2. A concomitant aortic root procedure was performed in 82 patients (77.4%), including composite graft root replacement in 74 (69.8%), aortic valve replacement in 1 (0.9%), and valve-sparing procedures in 7 (6.6%). Concomitant procedures included extra-anatomic bypass in 8 patients (7.5%; to the femoral artery in 7 and to the abdominal aorta in 1), mitral valve replacement in 2 (1.9%), and coronary artery bypass grafting for dissection-related coronary ischemia in 4 (3.8%).
As shown in Table 2 , CPB and cross-clamping times were significantly longer in the acute group compared with the chronic group (CPB: 200 AE 37 minutes vs 182 AE 33 minutes; P ¼ .009; cross-clamping: 118 AE 28 minutes vs 97 AE 20 minutes; P<.001), whereas the unilateral selective antegrade cerebral perfusion time did not differ significantly between the 2 groups (26 AE 14 minutes vs 23 AE 6 minutes; P ¼ .875).
Operative Mortality and Morbidity
Operative mortality occurred in 7 patients (6.6%), including 3 deaths (7.5%) in the acute group and 4 deaths (6.1%) in the chronic group (P ¼ 1.000). The cause of death was multiorgan failure in 6 patients (5.7%; none associated with preoperative malperfusion syndrome) and descending aortic rupture in 1 patient (0.9%).
Early morbidity occurred in 17 patients (16.0%), including spinal cord injury and stroke in 1 patient each (0.9%), renal failure in 4 patients (3.8%), low cardiac output in 4 patients (3.8%), extremity ischemia in 3 patients (2.8%), and recurrent laryngeal nerve injury in 2 patients (1.9%). Reexploration for bleeding was required in 6 cases (5.7%). An acute abdominal aortic dissection occurred in 1 patient (0.9%), leading to visceral malperfusion, which necessitated an emergent thoracoabdominal aortic replacement. Unfortunately, the patient succumbed to multiorgan failure at 7 days postsurgery. Other reinterventions included axillary-to-axillary bypass for left arm ischemia, pericardial drainage for effusion, and sternal wound debridement in 1 patient each (0.9%). Figure 2 ). Long-term survival. Of the 99 hospital survivors, 17 died during subsequent follow-up. Eight patients died of distal aortic rupture, from residual dissection in 4 and recurring dissection and aneurysmal dilation in 2 each. One patient died of acute myocardial infarction at 3.6 years (3.1 years after reoperation for coronary anastomotic leakage). The cause of death was unknown in the remaining 8 patients (Table 5) .
For the whole cohort, survival was 91.3% (95% CI, 83.88%-95.36%) at 1 year, 90.3% (95% CI, 82.71%-94.66%) at 3 years, 86.6% (95% CI, 77.86%-92.02%) at In competing risks analysis, mortality was 4% at 5 years, 18% at 8 years, and 25% at 10 years; the respective rates of reoperation were 10%, 15%, and 15%; and the respective rates of survival without reoperation were 86%, 67%, and 60% ( Figure 4) . Impact of acuity, root procedures, and previous aortic/ heart surgery on late outcomes. Acute versus chronic TAAD. As shown in Figure 5 and Figure E1 , these was no significant difference in freedom from reoperation (P ¼ .730) and survival (P ¼ .207) between patients with acute and chronic TAADs. Root procedures during TAAD repair. Although patients without root procedures during FET were more likely to have undergone a previous Bentall procedure (P<.001) and repair in the chronic phase (P ¼ .022), with shorter crossclamping times (P <.001), and the early outcomes did not differ significantly between the 2 groups (Table 6) , patients with concomitant root procedures had significantly higher survival rates (P ¼ .047) compared with those without root procedures during TAAD repair, which was distinct beyond 6 years ( Figure 6 ). Freedom from reoperation was also higher in patients with root procedures (Figure E2 ), but without statistical significance (P ¼ .207).
Previous aortic/cardiac surgical procedures. Patients with PHACP were more likely to have preexisting coronary artery disease (P ¼ .045) and to undergo repair in the chronic phase (P ¼ .001), with shorter cross-clamping times during FET (P ¼ .003) ( Table 6 ). Despite comparable early outcomes and freedom from reoperation, survival was significantly lower in patients with PHACP compared with those without PHACP (P ¼ .017), which was distinct beyond 6 years ( Figure 7) . Likewise, significantly lower survival was seen in the 16 patients who had undergone a previous Bentall procedure compared with patients without PHACP (P ¼ .023) ( Figure E3 ).
Radiologic Follow-up
CT scan before discharge showed that the distal end of the FETwas inserted into the false lumen in 4 patients (4.0%). On follow-up, the true and false lumens and distal aorta remained stable and undilated in 3 patients. Aneurysmal dilation of the distal aorta (>5 cm) was observed in 1 patient, which was managed with thoracoabdominal aortic replacement. All 4 patients were alive and asymptomatic at the latest follow-up.
Among the 93 patients with follow-up CT scans, complete obliteration of the false lumen across the stented aorta was observed in 80.6% (n ¼ 75) at 6 months, 86.0% (n ¼ 80) at 1 year, and 89.2% (n ¼ 83) at 2 years and beyond, and the false lumen was patent in 19.4% (n ¼ 18) at 6 months, 14.0% (n ¼ 13) at 1 year, and 10.8% (n ¼ 10) at 2 years and beyond. Dilatation of the aorta distal to the FET occurred in 3 patients (3.2%) at months, in 4 (4.3%) at 1 year, in 7 (7.5%) at 2 years, in 9 (9.7%) at 3 years, in 10 (10.8%) at 4 years, in 12 (12.9%) at 5 years, in 17 (18.3%) at 7 years, in 19 (20.4%) at 8 years, in 20 (21.5%) at 9 years, and in 23 (24.7%) at 10 years. Eight of the latter 23 patients were managed with thoracoabdominal aortic replacement (34.8%). Anastomotic endoleak at the aortic root was detected in 1 patient (1.1%) at 6 months, in 1 patient (1.1%) at 1 years, and in 6 patients (6.4%) at 2 years, and a distal new entry tear was seen in 1 patient (1.1%) at 6 months, in 1 patient (1.1%) at 1 years, and in 3 patients (3.2%) at 2 years.
Risk Factors for Early and Late Adverse Events
Among the variables assessed in the univariate analyses (Table 7) , multivariate analysis identified extra-anatomic bypass as the sole risk factor for early mortality and morbidity (odds ratio [OR], 7.120; 95% CI, 1.018-49.790; P ¼ .048), whereas patients with acute TAAD had a significantly lower likelihood of late death than those with chronic TAAD (OR, 0.112; 95% CI, 0.021-0.587; P ¼ .048). Risk factors for late reoperation were the duration from diagnosis to surgery (days) (OR, 1.160; 95% CI, 1.043-1.289; P ¼ .006) and a concomitant Bentall procedure (OR, 12.012; 95% CI, 1.041-138.606; P ¼ .046).
DISCUSSION
Although the last 2 decades have seen improved surgical outcomes in patients with MFS, the appropriate or optimal extent of resection during aortic repair remains controversial, 5, 14, 15 and the use of the FET technique for TAAD in MFS is still being questioned. 25 Kazui and associates 26 recommended concomitant total arch replacement (TAR) for annuloaortic ectasia with DeBakey type I dissection to avoid the risk of reoperation on the aortic arch. In a series of 54 patients with MFS undergoing aortic reoperation, Bachet and colleagues 14 have concluded that arch replacement is not indicated during elective root replacement, but may be logical for acute TAAD owing to the significant rate of aneurysm dilatation of the aortic arch and the need for subsequent reoperation. A recent study has found that at the time of initial repair for TAAD in MFS, a more aggressive surgical approach seems to be superior to limited repair. 4 This challenges the commonly held philosophy that a more conservative approach is warranted for TAAD repair-that although more extensive surgery is certainly beneficial to avoid reintervention, it carries a greater risk of complications during initial surgical repair. 27 The present study provides data to address these issues in a large (n ¼ 106) series of patients with MFS with TAAD. Despite the considerably improved outcomes of aortic surgery in MFS, there are limited data available on the surgical outcomes for TAAD in MFS. 4, 5, 28, 29 In a series of 372 patients with MFS, Cameron and coworkers 28 reported no in-hospital mortality after elective aortic root surgery and a 30-day mortality of only 4.4% after urgent or emergent ascending aortic repair. The International Registry of Acute Aortic Dissection reported a 23% perioperative mortality in a cohort of 46 patients age <40 years, 50% of whom had MFS. 29 In the present series, operative mortality was 6.6%, the incidence of spinal cord injury was 0.9%, and the incidence of stroke was also 0.9%; survival and freedom from reoperation were 74.1% and 84.2%, respectively, at 8 years. Given the different surgical indications and smaller numbers of patients for other procedures in our experience (Figure 1) , it is not possible to compare the results of the more aggressive FET þ TAR technique directly with those of the conservative procedures in this study. Nonetheless, in our early experience with type A aortic dissection (including some patients with MFS), we achieved a mortality of 4.7% with FET þ TAR in 148 patients with acute TAAD, which compares favorably to the 6.1% mortality found in a similar group of 66 patients undergoing hemiarch repair. At mean follow-up of >42 months, survival was similar in the 2 groups, but the FET þ TAR group had a significantly higher rate of false lumen thrombosis (94.2% vs 14.5%; P <.001) and required less surgical reintervention (0.7% vs 6.5%; P ¼ .031). 30 These early and long-term outcomes compare favorably to those of most reported series from high-volume centers 4, 5, [12] [13] [14] [15] 28 and most contemporary series of FET 31 and TAR. 32 The results of this study suggest that the extensive FET and TAR approach may be safely performed for TAAD in MFS. With the evolution of currently available devices toward an ideal open stent graft, 33 the FET technique may add to the cardiovascular surgeon's armamentarium for managing aortic dissection in patients with MFS.
Despite the favorable long-term outcomes in this large series, the use of the FET technique in MFS challenges the current consensus that endovascular stent grafts are contraindicated in patients with connective tissue disorders, 19 who are generally young with fragile tissues and prone to progressive aneurysm formation. 34 Endovascular stent grafts have been used only as a life-saving bridge to definitive repair or in cases where the stent graft is anchored in surgical grafts proximally and distally. 35 The literature reports high rates of endoleak and stent-graft migration, and even some unfortunate cases of sudden aortic rupture in patients with MFS treated with endovascular aortic repair. 36 Moreover, information is limited regarding the impact of persistent radial forces of endovascular stent grafts in the abnormal and weak aortas of patients with such disorders, and the long-term durability of available stent grafts is unknown. The Cronus open stent graft that we use differs from purely endovascular stent grafts with respect to graft material and design. It consists of a regular Dacron vascular tube and interconnected Z-shaped stents made from a Co-Cr-Ni-Mo-Fe alloy. The durability of Dacron is well proven, whereas endovascular stent grafts made from polytetrafluoroethylene or polyester are usually thinner and may be subject to weave deformation by attachment sutures, and thus have limited durability. 37 In this series, false lumen obliteration across the stented aorta occurred in 89.2% of patients at mean of 3.5 years, and thoracoabdominal aortic repair for distal aneurysm was required in 8 patients at a mean of 3.0 AE 1.7 years, demonstrating the efficacy of the FET in obliterating the false lumen and obviating the need for or delaying distal aortic reinterventions in patients with MFS and TAAD. This is pivotal to the favorable long-term survival and freedom from reoperations, given that a patent false lumen in the dissected aorta of a patient with MFS is a risk factor for late complications, with a predicted mortality of 70% at 10 years. 38 Other technical merits of the Cronus graft include the extra centimeter of Dacron sewing cuff at the proximal and distal ends, to which a conventional hand-sewn anastomosis can be performed. Owing to its high flexibility and mechanical durability, it can tolerate the forces of bending, crossclamping, and all other surgical manipulations. 33 This is helpful in minimizing the risk of proximal endoleak and facilitating manipulations during second-stage repair or reoperations. The descending aorta also may be controlled with a balloon inside the FET in the case of a large false lumen or thrombus. In addition, the distal end of the FET offers an ideal proximal landing zone should TEVAR be required later. In this series, 3 patients with a distal new entry after FET were successfully managed using TEVAR, which suggests that TE-VAR may be an alternative approach to distal new entry or residual intimal tears following FET for TAAD in MFS. 18 This study demonstrates that patients with MFS with acute TAAD are less prone to late death compared with those with chronic TAAD. This finding appears to contradict the conventional view that acute type A dissection is associated with increased risk of mortality and adverse late outcomes. This paradox may be linked to the differences between patients with acute TAAD and those with chronic TAAD in terms of general conditions and technical difficulties in surgical repair. Patients with chronic TAAD often have a very narrowed true lumen compressed by a large patent false lumen as a result of residual dissections untreated in a previous aortic repair. A considerable proportion of patients with chronic TAAD have already developed a thoracoabdominal aortic aneurysm. These patients are at the more severe end of the disease spectrum and often have a prolonged history and are in poorer general condition. Surgical repair in the chronic setting is more complex and technically demanding; concomitant extra-anatomic bypass may be required in some patients, which may be associated with worse early outcomes and poorer long-term prognosis, contributing to decreased long-term survival. In contrast, the mean interval from symptom onset to surgery was 5.8 days in the patients with acute TAAD, which most likely includes a natural selection process, with the most critical and severe acute patients already expired. This may account for the better long-term survival in patients with acute TAAD.
This study also sheds some light on the issue of extent of aortic resection, ie, limited or extended repair for Marfan patients with TAAD. Even with a significantly longer crossclamping time, a concomitant root procedure was not FIGURE 7. Long-term survival was significantly lower in patients with previous aortic/cardiac surgery after frozen elephant trunk and total arch replacement. OR, Odds ratio; CI, confidence interval. *Variables considered in the analysis included age, sex, hypertension, days from onset to diagnosis, days from diagnosis to surgery and days from onset to surgery, acuity (binary), coronary artery bypass grafting, mitral valve surgery, extra-anatomic bypass, Bentall procedure, entry tear location, maximal ascending aortic diameter, and times of cardiopulmonary bypass, cross-clamping, and selective cerebral perfusion. yVariables considered in the analysis included age, chronic kidney disease, days from onset to surgery, acuity (binary), aortic root procedures, early morbidities, and times of cardiopulmonary bypass, cross-clamping, and selective cerebral perfusion. zVariables considered in the analysis included age, sex, lower limb ischemia, days from onset to diagnosis, days from diagnosis to surgery, days from diagnosis to surgery, acuity (binary), concomitant Bentall procedure, and times of cardiopulmonary bypass, cross-clamping, and selective cerebral perfusion.
associated with significantly increased rates of operative mortality and complications (Table 6) , while achieving better long-term survival in this series possibly by preventing proximal aortic rupture in the short term. This implies that adding a TAR and an FET to aortic root repair may achieve better long-term survival without increasing the risk of early mortality and morbidity in patients with MFS with TAAD. Although this goes against the ''less is more'' strategy, 39 the implication is that the more aggressive repair with FET þ TAR may be reasonable and superior to limited repair (root, ascending with or without hemiarch) or the staged elephant trunk technique for TAAD in MFS.
Although no surgical procedure has yet been declared the ideal approach to type A dissection in MFS, theoretically the FET procedure may at least eliminate the need for an additional operation on the arch and proximal descending aorta in some patients. This is of particular clinical importance for patients with MFS given the high incidence of reoperations after proximal aortic repair. 17, 26, 40 
Study Limitations
This study has some limitations inherent to its retrospective nature. The diagnostic criteria for MFS changed during the course of this study, and the revised Ghent criteria were not applied to earlier patients. Because genetic testing results were not available for most patients, some patients might have been misclassified. Other concerns pertain to the delay in surgery and low rate of preoperative malperfusion, which may reflect a natural selection process during the transfer, with the most severe acute patients weeded out before reaching our center. 24 Similarly, the extended period from symptom onset to surgery in patients with chronic TAAD may represent a selection bias occurring before referral to our center, whereby the less severe and less complicated cases are more likely to have been selected out and managed by local or peripheral hospitals, while the more severe and complicated cases are more likely to be referred and to reach our institution. The small sample size and number of events affect the stability of our multivariate regression model and statistical power. Because of the high likelihood for significant baseline differences between patient groups with respect to acuity, previous aortic surgery, and root procedure, Kaplan-Meier analyses are unadjusted and are of limited value in estimating survival and reoperation. Although the follow-up rate was high, nearly onehalf of the causes of late deaths were not identified, and longitudinal analysis of repeated CT scans was not performed.
CONCLUSIONS
In this large series of patients with MFS with TAAD, the FET þ TAR technique was associated with a low risk of early mortality and has achieved satisfactory long-term survival and freedom from reoperation. A concomitant Bentall procedure during FET was predictive of better long-term survival and increased risk for late reoperation.
These results argue favorably for the use of the FET þ TAR technique for type A aortic dissection in patients with MFS.
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Key Words: aorta, thoracic/surgery, aortic dissection, Marfan syndrome, blood vessel prosthesis, frozen elephant trunk, treatment outcome, mortality, Kaplan-Meier estimate, proportional hazards models Discussion Dr W. Szeto (Philadelphia, Pa). Congratulations, Dr Ma, on a very wellpresented talk. I want to congratulate you on such extraordinary and impressive results. This is obviously a difficult set of patients. Less than 1% stroke rate, 6.6% mortality, that is impressive. Just a few questions. Number one, and you had mentioned this briefly, it is interesting to me that there is this paradox of better long-term survival in the patients with acute dissections as opposed to chronic. As you alluded to in your presentation, the acute dissection patients are longer operations and usually more complex. Why do you think that is the case in your series? Dr Ma (Beijing, China). Thank you for your high evaluation of our work, Dr Szeto. Your question brings up an important point. I think the reasons for this paradox lie in 2 aspects. The first is there are a lot of patients with chronic type A dissection who had already received an aortic or a heart operation. These chronic dissection patients tend to have a very narrowed true lumen, which is compressed by an enlarged false lumen as a result of residual dissections untreated during the previous aortic repair. And many of them have a thoracoabdominal aortic aneurysm. These Marfan patients with chronic dissection are at the more severe end of the disease spectrum and often have a prolonged history of aortic disease with poorer general condition. So surgical repair in such patients is more complex and technically demanding, and may be associated with worse early outcomes and poorer prognosis. These factors may contribute to the deceased long-term survival in chronic dissection patients.
On the other hand, in patients with acute dissection, the mean duration from symptom onset to surgery was 5.8 days. This delay represents a specific condition of our work. During this interval, some of the most severe patients may have already expired and not reached our center in time for treatment, which likely involves a natural selection process. This may have led to a better survival in some Marfan patients with an acute type A dissection. Thank you.
Dr Szeto. Question 2. As you know, there has been a tremendous amount of controversy regarding the use of endografts in connective tissue disorder patients, Marfan's particularly. You have demonstrated that it is potentially okay to do this. Just to get granular, there were 2 deaths in the series that were of particular concern, and you really did not get into the details in the presentation, but perhaps you can share with the audience. There was 1 early death that resulted from an acute abdominal dissection, and whether the patient had visceral malperfusion ahead of time or not is not clear, but the patient subsequently died from visceral malperfusion. There was a second patient who died on late follow-up who had a late rupture from a TEVAR reintervention.
So, again, the question from me to you and your group is, is the consensus from your group that it is okay to perform endovascular procedures in patients with Marfan's disease or connective tissue disease? Dr Ma. No, we do not believe that doing endovascular procedures in patients with Marfan syndrome and other connective tissue disorders is completely justified. Even though the open stent graft used in this series differs significantly from endovascular ones with respect to material and design, we are very selective and cautious in the use of the frozen elephant trunk technique in Marfan patients with type A dissection. With regard to the 2 patients whom you mentioned, the first patient sustained preoperative malperfusion manifested as leg ischemia, and died from postoperative abdominal aortic dissection, but autopsy was not performed after his death. It is possible that his death may have been caused by the open stent graft. The second patient underwent TEVAR for a distal new entry after the frozen elephant trunk; he died of aortic rupture caused by the endovascular stent graft.
Despite these concerns, we still speculate that type A dissection in Marfan syndrome is an appropriate indication rather than a contraindication to a frozen elephant trunk. The results of this study show that this procedure is associated with a low risk for early mortality and morbidity and favorable long-term outcomes of survival and freedom from reoperation. However, these complications and deaths have prompted us to redesign this stent graft and modify our surgical techniques to avoid injury to the intima of the aorta distal to the frozen elephant trunk and improve long-term outcomes. A new frozen elephant trunk with a tapered distal end is under clinical investigation now.
Dr Szeto. My third and last question pertains to aortic remodeling. I am interested to hear what your results are. Do you have any results on aortic remodeling in this group as you followed them out and whether there was any difference between the acute group and the chronic group? Thank you again.
Dr Ma. Thank you for bringing up the important issue of aortic remodeling. Based on our incomplete data on imaging follow-up, the false lumen across the stented aorta was completely obliterated in 85% of patients with acute type A dissection, and in 91.5% of patients with chronic type A dissection. There was no significant difference in false lumen obliteration between the 2 groups. Thank you.
Dr M. Shrestha (Hannover, Germany). Dr Ma, I have 2 questions. The first is what was the duration between time of onset to the time of surgery, because it is not clear from your presentation, and the second is do you do any oversizing of the stent in the descending? Dr Ma. Thank you for your questions, Dr Shrestha. The mean duration from symptom onset to surgery was 5.8 AE 3.9 days in patients with acute dissections, and in patients with chronic dissections, the mean duration from symptom onset to surgery was 280 days and the median was 63 days. In Marfan patients with type A dissection, we are very cautious in oversizing the stent graft; actually, we did not oversize the stent graft in this series of patients.
Dr Shrestha. That means that you already have some sort of natural selection. Some patients are already dead, so you have only more or less stable patients, right?
Dr Ma. Yes, there was some sort of natural selection in this series of patients. Thank you. 
